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Laminated multilayer or double sided PCB from previous drilling process
46

Y

Create/drill a significant large hole that could create a big enough hole
that could accommodate a reliable regular through hole via

48

Y

Metalize the created holes with conductive materials by using electrolysis/
electroplating (e.g. Cu)/conductive paste/polymer etc., preferably with
conventional PCB manufacturing processes

50

Y

Via filled the plated hole with appropriate dielectric material
92

Y

Drill, metalize drilled vias, circuitize and plate vias inside the pre-filled
holes to form the concentric structure

54

Y

Send for further processing

FIG. 9
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Laminated multilayer or double sided PCB from previous drilling process
56

Y

Create/drill a significant large hole that could create a big enough hole
that could accommodate a reliable regular through hole via

58

Y

Metalize the created holes with conductive materials by using electrolysis/
electroplating (e.g. Cu)/conductive paste/polymer etc., preferably with
conventional PCB manufacturing processes

60

Y

Via filled the plated hole with appropriate dielectric material
62

Y

Insert Feed-through pin, interconnecting the front to back circuitry
64

Y

Send for further processing

FIG. 10
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METHOD AND SYSTEM FOR IMPROVING
ELECTRICAL PERFORMANCE OF VIAS
FOR HIGH DATA RATE TRANSMISSION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present invention is related to and claims prior-
ity to U.S. Provisional Patent Application No. 61/027,071,
filed Feb. 8, 2008, entitled METHOD AND TECHNIQUE/
APPARATUS TO MODEL VIA ELECTRICAL PERFOR-
MANCE FOR HIGH DATA RATE TRANSMISSION, the
entire contents of which is incorporated herein by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] n/a

FIELD OF THE INVENTION

[0003] The present invention relates generally to a method
and system for improving the transmission of high bit rates or
high frequencies within a layer to layer transition of a PCB
substrate and more specifically to a method and system for
improving the electrical performance of a via by controlling
the dielectric properties with a known value of permittivity or
dielectric constant Dk surrounding the via hole structure.

BACKGROUND OF THE INVENTION

[0004] As the bit rate of data and communication systems
continue to increase and Integrated Circuit (“IC”) driver rise
times continue to decrease, channel simulations are becom-
ing anecessity. Printed Circuit Boards (“PCBs”’) used in these
systems are typically created by stacking layers of fiberglass
and copper until the system specifications are met. Etched
copper traces from multiple layers are connected after the
stacking process. A small hole, called a “via”, is drilled
through the fiberglass stack and the barrel of the hole is metal
plated. Each via appears as a small hole from the surfaces of
the PCB. However, the through hole via parasitic effects on
PCB transmission channels have become a factor affecting
the Bit Error Rate (“BER”) performance. Simulation models
and methods can be used to predict the via effects on system
performance. These topology modeling and simulation tech-
niques rely on defining the correct value of the relative per-
mittivity (sometimes referred to as the dielectric constant,
(“Dk”)) of the dielectric material surrounding the via in order
to achieve better accuracy.

[0005] Attempts to model the parasitic effects of via holes
have included simple lumped element models. However, as
data rates are now driven to 6 Gbs/second and beyond, via
model bandwidth and accuracy must increase to account for
faster rise-times. Using an incorrect value of permittivity
surrounding the via hole structure may lead to an over-opti-
mistic channel performance prediction.

[0006] Another challenge faced today in high data rate
transmission signal integrity is to reduce the via propagation
discontinuity (delay) along transmission lines. This problem
is compounded with multiple vias along the transmission
lines stitching through a PCB in which critical signals could
become contaminated by other signals.

[0007] PCB {fabrication processes use a combination of
fiberglass woven cloth and epoxy resin materials to laminate
the layers in a non-homogeneous multi-layer stack-up. Elec-
tronic or E-Glass is one component used to fabricate fiber-
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glass yarns. When glass fiber yarns are woven into sheets the
“warp” yarns run the length of the fabric roll, while the “fill”
or “weft” yarns run the width. The thread count is the number
of warp yarns per inch by the number of fill yarns per inch.
[0008] Prepreg is the term used for a weave of glass fiber
yarns impregnated with resin which is only partially cured.
The combinations of yarn and resin thicknesses define the
overall thickness of a prepreg sheet. Resin content is typically
within the 40 to 70 percent range. It is a function of the thread
count and the yarn diameters. Larger diameter glass yarnin a
weave tend to be thicker and have a lower resin content, while
smaller yarns are thinner and have a higher resin content.
[0009] When copper foil is attached to one or both sides of
fully cured prepreg mats, the laminated sheet is called a core.
Both core and prepreg sheets can be fabricated in various
panel sizes and thicknesses. A multilayer PCB stackup can be
fabricated with alternating layers of core and prepreg mate-
rial. Depending on controlled impedance requirements for
various transmission lines within the design, cores and
prepregs are chosen to build up the required thicknesses to
satisfy a particular trace etch geometry. The PCB manufac-
turing process dictates the preferred laminate thickness and
resin content of the prepreg mats.

[0010] Inter-pair propagation delay mismatch (or “Lami-
nate Weave Effect”) occurs due to differences in dielectric
material properties (“Dk”). The additional losses introduced
in differential transmission lines as a result of temporal asym-
metries of the glass fiber yarns are due to the relative differ-
ence in propagation delay cased by the Weave Effect. As a
signal propagates along a transmission line, its speed of
propagation is directly proportional to the effective Dk of the
dielectric material surrounding the trace. The characteristic
impedence the signal sees at any point along the transmission
line is inversely proportional to the effective Dk.

[0011] Due to the nature of the glass-resin construction of a
typical PCB dielectric layer, the signal will experience a
non-homogenous dielectric as it propagates parallel to the
warp and weft of the glass yarns in the x/y direction. The
effective Dk of any laminate is a function of the glass-to-resin
ratio. As the signal propagates through the via, in the z-axis
direction, it will experience a higher effective Dk, due to the
anisotropic nature of the dielectric.

[0012] When usingthe appropriate value for Dk, the correct
characteristic impedence of the trace geometry can be pre-
dicted using traditional software techniques known in the art.
Laboratory measurements usually correlate well with the pre-
dicted results. However, using the same value of Dk when
trying to model a particular via geometry typically results in
poorer correlation to measurement. This is particularly true
when trying to model and simulate the resonance stub effect
caused by via transmissions to stripline layers in a multi-layer
PCB.

[0013] Therefore, what is needed is a system and method
for improving electrical performance of vias for high datarate
transmission by using a known value of Dk to surround PCB
via hole structures.

SUMMARY OF THE INVENTION

[0014] The present invention advantageously provides a
method and system for improving the transmission of high bit
rates or high frequencies within a layer transition of a PCB
substrate by minimizing dielectric permittivity surrounding a
via hole structure.
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[0015] According to one aspect of the invention, a method
of improving signal integrity in a multi-layer circuit board is
provided. The circuit board includes at least a top layer, an
inner signal substrate layer, and a bottom layer. The method
includes creating a channel within the circuit board to accom-
modate a via hole, filling the created channel with a predeter-
mined amount of dielectric material with known dielectric
constant, providing an inner signal substrate layer, forming
the via hole, and electrically coupling the top layer to at least
the inner signal substrate layer.

[0016] According to another aspect of the invention, a cir-
cuit board substrate is provided. The substrate includes a top
layer and a bottom layer, an inner signal layer disposed
between the top layer and the bottom layer, and a predeter-
mined amount of dielectric material with known dielectric
constant, where the dielectric material fills a channel formed
between the top layer and the bottom layer, and the channel
has dimensions to accommodate a via hole barrel. The via
hole barrel extends through the dielectric material and elec-
trically couples the top layer to the bottom layer.

[0017] According to yet another embodiment, a multi-layer
circuit board substrate is provided where the substrate
includes a top layer and a bottom layer, top circuitry and
bottom circuitry, an inner signal layer disposed between the
top layer and the bottom layer, and a predetermined amount of
dielectric material with known dielectric constant. The
dielectric material fills a channel formed between the top
layer and the bottom layer and has dimensions to accommo-
date a via hole barrel. The substrate also includes a conduct-
ing device extending at least partially through the channel of
dielectric material, where the conducting device electrically
couples the top circuitry to the bottom circuitry.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] A more complete understanding of the present
invention, and the attendant advantages and features thereof,
will be more readily understood by reference to the following
detailed description when considered in conjunction with the
accompanying drawings wherein:

[0019] FIG.1 is an example of an exploded cross sectional
view of a PCB pre-laminated stack-up for an epoxy filled
plated through hole in accordance with the principles of the
present invention;

[0020] FIG. 2 is a cross sectional via showing the post-
laminated PCB structure prior to the drilling of via holes;
[0021] FIG. 3 is a cross sectional view showing the drilling
process in the PCB substrate;

[0022] FIG.4 is a cross sectional view showing the finished
plated through via hole;

[0023] FIG. 5 is an alternate embodiment of the present
invention illustrating an exploded cross sectional view of a
PCB pre-laminated stack-up for a feed-through pin with a
non-plated through hole;

[0024] FIG. 6 is a cross sectional view of the post-lami-
nated PCB structure showing the feed-through pin via con-
necting the respective layers of a non-plated through hole;
[0025] FIG. 7 is a side view of the PCB structure having a
partially shielded and plated via transmission line;

[0026] FIG. 8 is a side view of the PCB structure having a
totally shielded transmission line structure;

[0027] FIG. 9 is a flowchart illustrating the steps to create
the PCB structure of FIG. 7; and
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[0028] FIG. 10 is a flowchart illustrating the steps to create
the PCB structure of FIG. 8.

DETAILED DESCRIPTION OF THE INVENTION

[0029] Before describing in detail exemplary embodiments
that are in accordance with the present invention, it is noted
that the embodiments reside primarily in combinations of
apparatus components and processing steps related to imple-
menting a system and method for improving the transmission
of high bit rates or high frequencies within a layer to layer
transition of a PCB substrate.

[0030] Accordingly, the system and method components
have been represented where appropriate by conventional
symbols in the drawings, showing only those specific details
that are pertinent to understanding the embodiments of the
present invention so as not to obscure the disclosure with
details that will be readily apparent to those of ordinary skill
in the art having the benefit of the description herein.

[0031] As used herein, relational terms, such as “first” and
“second,” “top” and “bottom,” and the like, may be used
solely to distinguish one entity or element from another entity
or element without necessarily requiring or implying any
physical or logical relationship or order between such entities
or elements.

[0032] The present invention improves PCB via perfor-
mance for high speed serial data transmissions by reducing
excess via capacitance. This is accomplished by utilizing
lower permittivity reinforcement and z-axis conducting
methods in order to better control the via parasitic capaci-
tance.

[0033] Referring now to the drawing figures in which like
reference designators refer to like elements, FIG. 1 illustrates
an exploded cross sectional view of a PCB pre-laminated
substrate or stack-up 10 constructed in accordance with the
principles of the present invention. This embodiment pro-
vides a printed conductor structure that utilizes a concentric
dielectric material surrounding a plated via hole structure. In
one embodiment, the dielectric material surrounding the
plated through hole is of a low permittivity (Dk) resin or
epoxy material, although the invention is equally adaptable to
other types of dielectric material. Further, the number of
layers shown in FIG. 1 and ensuing figures are exemplary and
the PCB stack-up may incorporate a fewer or a greater num-
ber of layers.

[0034] InFIG.1,asingle sided prefabricated core laminate
capper layer 12 is used on the top and on the bottom of the
PCB stack-up 10. One or more low Dk resin sheets 14 are
used in stack-up 10. Resin sheets 14 may or may not include
reinforcement material. One or more pre-etched double sided
core laminates 16 may be pre-drilled in accordance with the
effective anti-pad clearance diameter. The drilled opening
may be of any shape. The via barrel will eventually connect to
a pre-etched inner signal layer 18.

[0035] Referring to FIG. 2, a cross sectional view of a
post-laminated PCB structure 10 prior to drilling is shown.
The dielectric resin material 14 is applied or introduced with
elevated temperature or pressure of combination of both into
the respective holes by processes known in the art including
heating and pressing the stack-up 10 of core laminates 16.
This creates aresin-filled channel 20 through the circuit board
large enough to accommodate a via barrel.

[0036] FIG. 3 is a cross sectional view of stack-up 10,
showing a drilling process operation whereby a bit 22 is
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drilled through stack-up 10 and into the channel 20 created by
the heating and pressing operation, as shown in FIG. 2.
[0037] FIG. 4 illustrates the finished plated through hole via
barrel 24 that, by a process known in the art as plating,
electrically connects the top and bottom layers 12 of stack-up
10 to an inner signal layer 18. The embodiment shown in
FIGS. 1-4 is applicable to any combination of substrate layers
and any type of layer-to-layer interconnect.

[0038] In an alternate embodiment shown in FIGS. 5-6, a
stack-up 10 is shown having a feed-through pin 26 with a
non-plated through hole 36. In this embodiment, the dielec-
tric material surrounding a feed-through pin 26 is predomi-
nately air. The inter-layer connectivity of stack-up 10 is pro-
vided by a metallic pin 26. FIG. 5 shows the exploded cross
sectional view of a PCB stack-up 10 having a plurality of
pre-laminated layers 32. However, this embodiment is not
limited to a particular number of substrate layers. Pin 26 is
used to make the final interconnection between the layers. In
one embodiment, pin 26 is a compliant, press-fitted pin, how-
ever, the invention is not restricted to a particular type of
feed-through device or layer-interconnection method or
device.

[0039] Stack-up 10 includes one or more single or double-
sided PCB laminated cores 28, having pre-plated holes 30.
Within stack-up 10, there are one or more pre-laminated
multilayer PCB structures 32. The structures 32 can be
arranged to have alternating core 28 and prepreg 34 lami-
nates. The laminates may have unplated holes 36 predrilled
therein and may be but need not be drilled in accordance with
the effective anti-pad clearance diameter. The opening cre-
ated by unplated holes 36 may be of any shape or dimension.
Stack-up 10 may include bonding material 38 that includes a
clearance hole 40 that also may be but need not be limited to
the effective anti-pad clearance diameter. Hole 40 of bonding
material 38 may be of any shape of dimension.

[0040] FIG. 6 is a cross sectional view of the finished PCB
laminated stack-up 10 of this embodiment. Here, pin 26 is
press fitted into structure 10 thereby connecting top layer 42
to inner layer 44.

[0041] FIG. 7 displays a cross-sectional view of the stack-
up 10 having a partially shielded via transmission line struc-
ture. In this embodiment, in order to preserve the incoming
signal integrity and continuity, a hole large enough to accom-
modate a reliable plated through hole via 24 is drilled into
stack-up 10 and the hole filled in with dielectric material 65.
The result of the process creates a partially shielded via trans-
mission line structure 66, which limits the dielectric permit-
tivity surrounding the via hole structure to a known value.
[0042] FIG. 8 of this embodiment displays a cross sectional
view of a totally shielded transmission line structure. Here,
the feed-through pin 26 provides the electrical connection
between the top circuitry and bottom circuitry of the struc-
ture. This structure results in a complete shield 67 surround-
ing the via pin 26.

[0043] FIG. 9 is a flowchart of a manufacturing process
used to create the structure shown in FIG. 7. This process
creates a substrate that improves the transmission of high
frequency signals within a multi-layer substrate while mini-
mizing dielectric permittivity surrounding a via hole struc-
ture. Initially, a multilayer or double-sided PCB from a pre-
vious drilling process is laminated, at step 46. A hole is then
created in the structure where the hole is large enough to
accommodate a reliable regular through-hole via, at step 48.
The created holes are then metalized with conductive mate-
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rials by conventional processes known in the art (i.e., elec-
trolysis/electroplating (e.g. Cu), conductive paste/polymer
etc.), at step 50. The plated holes are then filled with dielectric
material 65, at step 52. The via holes 24 are then drilled,
metalized, connected to the circuitry within the structure and
plated inside the pre-filled substrate holes to form a concen-
tric structure, at step 54.

[0044] FIG. 10 is a flowchart of an alternate manufacturing
process used to create the structure shown in FIG. 8. A mul-
tilayer or double-sided PCB from a previous drilling process
is laminated, at step 56. A hole is then created in the structure
where the hole is large enough to accommodate a reliable
regular through-hole via, at step 58. The created holes are
then metalized with conductive materials by conventional
processes known in the art (i.e., electrolysis/electroplating
(e.g. Cu), conductive paste/polymer etc.), at step 60 to form a
total via shield 67. The plated holes are then filled with
dielectric material 65, at step 62. The preceding steps are
similar to those steps used to form the substrate in FIG. 7.
However, in this alternate process, instead of drilling and
plating the via holes 24, a feed-through pin 26 is inserted
within the multi-layered substrate, in order to connect the
front and back circuitry of the substrate, at step 64.

[0045] In addition, unless mention was made above to the
contrary, it should be noted that all of the accompanying
drawings are not to scale. Significantly, this invention can be
embodied in other specific forms without departing from the
spirit or essential attributes thereof, and accordingly, refer-
ence should be had to the following claims, rather than to the
foregoing specification, as indicating the scope of the inven-
tion.

What is claimed is:

1. A method of improving signal integrity in a multi-layer
circuit board, the circuit board having at least a top layer, an
inner signal substrate layer, and a bottom layer, the method
comprising:

creating a channel within the circuit board to accommodate

a via hole;
filling the created channel with a predetermined amount of
dielectric material with known dielectric constant;
providing an inner signal substrate layer;

forming the via hole; and

electrically coupling the top layerto at least the inner signal

substrate layer.

2. The method of claim 1, wherein electrically coupling the
top layer to at least the inner signal substrate layer includes
inserting a plated via hole barrel within the channel, the via
hole barrel containing the via hole, the barrel extending from
the top layer to at least the inner signal substrate layer.

3. The method of claim 1, wherein the circuit board further
includes one or more core laminates wherein each core lami-
nate includes a pre-formed space.

4. The method of claim 3, wherein creating a channel to
accommodate a via hole includes introducing the dielectric
material into the pre-formed space in each of the one or more
core laminates.

5. The method of claim 4, wherein introducing the dielec-
tric material into the pre-formed space in each of the one or
more core laminates is accomplished by heating the circuit
board.

6. The method of claim 4, wherein introducing the dielec-
tric material into the pre-formed space in each of the one or
more core laminates is accomplished by pressing the circuit
board.
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7. The method of claim 2, further comprising at least par-
tially plating the created channel.

8. The method of claim 1, wherein the dielectric material
forms at least a partially shielded channel formed between the
top layer and the bottom layer.

9. The method of claim 1, further comprising laminating
the circuit board with homogenous bonding materials with a
desired dielectric constant.

10. A circuit board substrate comprising:

a top layer and a bottom layer;

an inner signal layer disposed between the top layer and the

bottom layer; and

apredetermined amount of dielectric material with known

dielectric constant, the dielectric material filling a chan-
nel formed between the top layer and the bottom layer,
the channel having dimensions to accommodate a via
hole barrel;

wherein the via hole barrel extends through the dielectric

material, the via hole barrel electrically coupling the top
layer to the bottom layer.

11. The circuit board substrate of claim 10, further includ-
ing one or more core laminates, each core laminate including
a pre-formed space therein.

12. The circuit board substrate of claim 11, wherein the
dielectric material is introduced into the pre-formed space in
each of the one or more core laminates.

13. The circuit board substrate of claim 12, wherein the
dielectric material is introduced into the pre-formed space in
each of the one or more core laminates by heating the circuit
board substrate.
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14. A multi-layer circuit board substrate comprising:

a top layer and a bottom layer;

top circuitry and bottom circuitry;

an inner signal layer disposed between the top layer and the
bottom layer;

a predetermined amount of dielectric material with known
dielectric constant, the dielectric material filling a chan-
nel formed between the top layer and the bottom layer,
the channel having dimensions to accommodate a via
hole barrel; and

a conducting device extending at least partially through the
channel of dielectric material, the conducting device
electrically coupling the top circuitry to the bottom cir-
cuitry.

15. The circuit board substrate of claim 14, wherein the

conducting device is a metallic feed-through pin.

16. The circuit board substrate of claim 14, further includ-
ing one or more core laminates, each core laminate including
apre-plated hole therein wherein the dielectric material is air.

17. The circuit board substrate of claim 14, wherein the
substrate is comprised of alternating layers of core and
prepreg material.

18. The circuit board substrate of claim 14, wherein the
dielectric material forms a fully shielded channel formed
between the top layer and the bottom layer.

19. The circuit board substrate of claim 14, further com-
prising one or more layers of bonding material, each layer of
bonding material including a clearance hole through which
the conducting device extends.

20. The circuit board substrate of claim 14, wherein the
dielectric material is air.
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